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In this study we use economic exchange games to examine the development of 
prosocial behavior in the form of sharing and giving in social interactions with peers 
across adolescence. Participants from four age groups (9-, 12-, 15-, and 18-year-olds, 
total N = 119) played three types of distribution games and the Trust game with four 
different interaction partners: friends, antagonists, neutral classmates, and anonymous 
peers. Nine- and 12-year-olds showed similar levels of prosocial behavior to all interaction 
partners, whereas older adolescents showed increasing differentiation in prosocial 
behavior depending on the relation with peers, with most prosocial behavior toward 
friends. The age related increase in non-costly prosocial behavior toward friends was 
mediated by self-reported perspective-taking skills. Current findings extend existing 
evidence on the developmental patterns of fairness considerations from childhood into late 
adolescence. Together, we show that adolescents are increasingly better at incorporating 
social context into decision-making. Our findings further highlight the role of friendships as 
a significant social context for the development of prosocial behavior in early adolescence. 
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INTRODUCTION 

Prosocial behavior, defined as voluntary behavior intended to 
benefit others (Eisenberg et al., 2006), plays a key role in social 
interactions. Displays of prosocial behavior strengthen future ties 
between individuals and are crucial for the formation and contin- 
uation of relationships (Fehr et al., 2002). Although most studies 
have examined interactions with anonymous others, the majority 
of our social interactions are with people we know. Social behav- 
ior depends heavily on the relation we have with our interaction 
partners, such that prosocial behavior (including displays of fair- 
ness, trust, and reciprocity) is employed based on past experiences 
with the interaction partner and the prospect of future interac- 
tions (Burnham et al., 2000; Delgado et al., 2005; van den Bos 
et al., 2011a). This raises the question how prosocial behavior 
in these anonymous games reflects, or differs from, social behav- 
ior toward familiar peers. From a developmental perspective, the 
role of peer relationships in social interactions is an intriguing 
question given that with age there is a growing focus on peers, 
and that by adolescence individuals spend the majority of their 
time with them (Brown, 2004). As such, the peer group has been 
identified as one of the most significant developmental contexts 
with profound effects on the development of prosocial behavior 
(Carlo et al, 1999). This paper aimed to specifically examine the 
development of sharing and giving as observed in fairness- and 
trust-related social decisions when interacting with peers. 

Prosocial behavior in the form of sharing and giving typically 
involves making decisions involving consequences for others and 
is based on comparisons of outcomes for self and others. These 
behaviors have been examined using different sorts of alloca- 
tion games, which typically involve the distribution of resources 



between two players (Rilling and Sanfey, 2011). In these games 
with varying rules, the first player (i.e., the proposer) is typically 
asked to make a decision (i.e., an offer) on how to divide the stake 
between him/herself and a second player (i.e., the responder). In 
the current study, we focused on two types of allocation games 
that are specifically well-suited to study prosocial behavior in the 
form of sharing and giving. 

The first type involves a set of allocation games developed to 
study fairness considerations, which refer to the direct compar- 
ison of outcomes for self and other (Fehr et al., 2008). In these 
games, the players are asked to choose between a fair distribu- 
tion of goods (e.g., coins) with equal pay-offs to both players and 
an alternative unfair distribution that might be advantageous or 
disadvantageous for the self. Using these games with differing 
alternative distributions it is possible to systematically exam- 
ine the role of costs to the self in sharing and giving. Prosocial 
responding assessed by such experimental paradigms is already 
shown in two and a half-year-old children, whose behavior is not 
contingent on prosocial or selfish behavior of their interaction 
partners (Sebastian-Enesco et al., 2013). Already by 3 years of age, 
children have an understanding of the fairness norm and that oth- 
ers expect them to share equally (Smith et al., 2013). Fehr et al. 
(2008) demonstrated that there is an increase in the preference 
for fair (or equal) splits between age 3 and 8 years. This find- 
ing is in line with prior studies with varying allocation paradigms 
showing that equity preferences increase across early childhood, 
even at the cost of throwing away resources (Blake and McAuliffe, 
2011; Shaw and Olson, 2012). Using a similar choice-card task 
where participants could choose between different allocations of 
points for themselves and friends, Berndt (1985) has also shown 
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an age related increase in preferences for equal distributions over 
competition between 10 and 14 years of age. Recently, Steinbeis 
and Singer (2013) have provided further support for the devel- 
opmental pattern of age related increase in these equity (fairness) 
preferences between the age of 7 and 13 years. 

Despite the general trend of age related increase in fairness 
preferences (as assessed by relative number of fair/equal splits 
chosen) across these different games, differences in these prefer- 
ences based on context have also been demonstrated. For exam- 
ple, both Fehr et al. (2008) and Steinbeis and Singer (2013) have 
shown that the preference for equal distributions was lower when 
they were costly than when they did not incur costs for the self. 
Further, age differences in choosing fair distributions were less 
pronounced when these choices were not costly than when they 
incurred costs. These findings suggest that the preference for fair- 
ness is dependent on the context regarding available alternatives. 
In the current study, we aimed to further examine these con- 
text effects in fairness related prosocial behavior in relation to 
different interaction partners. 

A second sort of allocation paradigm suitable for examining 
sharing and giving is the Trust game (Berg et al., 1995). Trust 
behavior refers to decisions that favor other-regarding outcomes 
with the hope of future cooperation and self-gain (Larson, 1992). 
Reciprocity, such as returning a favor, refers to mutual exchange 
and is crucial for maintaining positive interactions (Lahno, 1995). 
In the Trust game, a first player can trust a second player to 
divide a stake, and the second player's reciprocity is an index 
for returning the favor initiated by the first player. In this sense, 
the trust choice assesses the extent of willingness to share and 
reciprocity assesses giving back. Interestingly, in these studies 
prosocial behavior, as indexed by level of trust and reciprocity, 
is even observed in one-shot social interactions with anonymous 
others where there is no prospect of future interactions between 
the two players. Developmental studies with the Trust game sug- 
gest that there are age related increases in trust and reciprocity 
toward anonymous others (Sutter and Kocher, 2007; van den Bos 
etal, 2010). 

A social information processing approach has proven valu- 
able to understanding the development of prosocial behavior. 
Prosocial young adolescents are shown to hold benign attribu- 
tions, prefer to maintain a positive relationship with aggressive 
provocateurs, and show less negative emotionality in interactions 
(Nelson and Crick, 1999). Several studies have specifically focused 
on the role of dyadic characteristics in social behavior, showing 
that social-cognitive evaluations and behaviors are specific for 
interaction partners (Card and Hodges, 2007). Accordingly, inter- 
action partners can evoke emotions that influence perception as 
well as processing of information, which together determine the 
behavioral output in context. For example, 4-year-olds attribute 
different emotions to the target depending on whether the tar- 
get is a friend or a neutral classmate and are also more ready to 
help the target if the target is a friend. In adolescence, hostile 
attribution errors toward a specific peer are related to reactive 
aggression perceived from that peer (Hubbard et al, 2001; see 
also Ray and Cohen, 1997; Peets et al., 2007; Nummenmaa et al., 
2008). In the current study we took a dyadic perspective in 
examining social behavior in the peer relationship context and 



we specifically expected that peer relations crucially influence 
displays of prosocial behavior. 

In the current study we investigated how prosocial behavior is 
influenced by peer relationships by combining allocation games 
with sociometric mapping of relationships within across a wide 
age range of 9 to 18 years. Participants played a set of three allo- 
cation games (Fehr et al., 2008) and a Trust game (Berg et al., 
1995) with four interaction partners: friends, antagonists, neutral 
peers, and anonymous peers. Based on prior studies using one- 
shot interactions (Sutter, 2007; Guroglu et al., 2009b; van den 
Bos et al., 2010), we expected that in the current study partici- 
pants would show increasing levels of prosocial behavior (defined 
as choices maximizing other's outcome) with increasing age. 

A number of studies with varying methodology, paradigms, 
and measures have shown that children treat friends and non- 
friends differently. There is evidence for this differential treatment 
of in-group members (classmates/friends) vs. out-group mem- 
bers (anonymous peers/strangers) already by age three or four 
(Costin and Jones, 1992; Fehr et al, 2008; Moore, 2009), also 
when children are interacting with a doll protagonist (Olson and 
Spelke, 2008). Similarly, 3-year-olds are shown to share equally 
with collaborators (Warneken et al, 2011) and 5-year-old chil- 
dren display strong ingroup preferences with random group 
assignment and lack of a competitive context, both in terms 
of implicit and explicit attitudes, as well as resource allocation 
(Dunham et al, 2011). Some studies show a further differenti- 
ation between familiar peers. Examining reward allocations and 
helping behavior, Berndt (1985) has shown that young adoles- 
cents treat interaction partners differentially: adolescents were 
more generous and helping toward friends than toward neu- 
tral classmates. Similarly, Buhrmester et al. (1992) have shown 
that children and adolescents share more with friends than with 
neutral peers and share least with disliked peers; Amato (1990) 
has also shown that young adults help friends more than they 
help strangers. In the current study, we aimed to move beyond 
a dichotomous exploration of ingroup vs. outgroup members 
and examine peer relationships with varying valence (posi- 
tive, negative, and neutral) and compared to unfamiliar peers. 
Furthermore, the majority of these previous studies have exam- 
ined early childhood, whereas less is known about the changes in 
social decision-making across adolescence. In the current study, 
we focus on a broad age range across middle childhood and 
adolescence (9- to 18-year olds) where we can assess peer relation- 
ships in a structured environment, i.e., the classroom, using the 
same methodology, i.e., sociometric nominations. We expected 
that prosocial behavior would be moderated by the interaction 
partner, where participants were expected to display highest lev- 
els of prosocial behavior toward friends and lowest levels toward 
antagonists. We also expected this differentiation to be modulated 
by the specific allocation game. 

It has further been shown that young adolescents become 
more relationship-focused with age, as indicated by more rela- 
tional attributions to provocations from peers (Nelson and Crick, 
1999). This is in line with the theoretical perspectives in changes 
in interpersonal interactions in general, and in friendships in 
particular, across adolescence (Selman, 1980). The development 
of cognitive skills and perspective-taking across adolescence are 
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central to Selman's theory of interpersonal growth. Previous find- 
ings showing that older adolescents are increasingly better able 
to incorporate context related information into their decision- 
making process are further in line with these theoretical perspec- 
tives (Guroglu et al., 2009a,b). Along similar lines, Berndt (1985) 
has shown that 14-year-olds differentiate more between friends 
and neutral classmates than 10- and 12-year-olds in displays of 
generosity. Such findings are also supported by studies examin- 
ing the development of friendships. Around late childhood and 
early adolescence there is a specific increase in prosocial behav- 
ior such as helping and sharing as well as a concern for equality 
in interactions with friends (Youniss, 1980; Berndt, 1981; Furman 
and Bierman, 1984). This age related difference on the increasing 
specificity of friends was expected to reflect in age related differ- 
ences in prosocial behavior toward friends in the current study. 
Taken together, we expected the moderation by interaction part- 
ner in prosocial behavior levels to be more pronounced for older 
participants than for younger ones. 

One of the mechanisms that may account for developmen- 
tal differences in prosocial behavior is the ability to take the 
other player's perspective. From a developmental perspective, the 
cognitive ability of role taking has implications for the devel- 
opment of altruistic motivation and behavior (Hoffman, 1975). 
Experimental studies in children as young as 3-4 years old show 
links between theory of mind skills and future-oriented proso- 
cial behavior (Moore et al., 1998). A positive relation between 
prosocial behavior and perspective-taking skills has long been 
established (Eisenberg and Miller, 1987; Eisenberg et al., 1991; 
Carlo and Randall, 2002). It has been suggested that the com- 
ponents that are related to the consistency of prosocial behavior 
across time are related to, besides temperamental/genetic predis- 
positions, inhibitory control and "other-orientation" (Eisenberg 
et al., 1999). This component of "other-orientation" is tapped 
by the cognitive ability to take others' perspectives and incor- 
porate these perspectives into decision-making, which continues 
to develop into late adolescence (Dumontheil et al., 2009). The 
development of this ability of perspective-taking in social settings 
has been suggested to be a mediator of the development of proso- 
cial behavior with increasing age (Iannotti, 1985). In prior studies 
we demonstrated the role of perspective taking by correlating the 
self-report index of the Interpersonal Reactivity Index (IRI, Davis, 
1983) with prosocial behavior (Overgaauw et al, 2012), as well 
as a relation between affective perspective taking and prosocial 
behavior in the form of costly compensation of victims (Will 
et al., 2013). In the current study, we tested for the mediating 
role of perspective-taking skills in the development of prosocial 
behavior. We expected that the age related increase in prosocial 
behavior in both the set of allocation games and the Trust game 
would be more pronounced for individuals with higher levels of 
self-reported perspective taking. 

METHODS 
PARTICIPANTS 

A total of 125 participants took part in the study. The majority 
of the participants (90.4%) were Dutch, 2.4% was of Moroccan 
decent and 4.0% had another ethnic background; ethnic back- 
ground information of four participants (3.2%) was missing. 



In order to control for the role of a general cognitive capacity, 
we assessed and controlled for IQ in our analyses. The pen- 
and-paper version of the Raven Standard Progressive Matrices 
(SPM) (Carpenter et al., 1990) was administered to assess an esti- 
mate of the participant's intelligence quotient (IQ). Due to time 
restrictions Raven scores of four participants were missing. After 
removing six outliers with IQ two standard deviations higher than 
the mean, estimate scores on IQ ranged between 94 and 130; the 
mean was 114.17 (SD = 9.37). The remaining 119 participants 
consisted of: 9-year-olds (M age = 9.27 years, SD = 0.53, 15 boys 
and 16 girls), 12-year-olds (M age = 11.89 years, SD = 0.64, 18 
boys and 14 girls), 15-year-olds (M age = 15.07 years, SD = 050, 
13 boys and 12 girls), and 18-year-olds (M age = 17.95 years, 
SD = 0.54, 8 boys and 23 girls). There were no differences in the 
gender distribution across age groups = 6.87, p = 0.08]. 
Thus, the sample sizes per age group ranged between 25 and 
31, which is comparable to previous studies employing simi- 
lar experimental designs (Fehr et al., 2008; Steinbeis and Singer, 
2013). 

There was a significant difference in IQ scores between the age 
groups [F(3, in) = 5.62, p = 0.001]. Tukey post-hoc tests showed 
that 18-year-olds had higher IQ (M = 119.65, SD = 8.37) than 
all other younger age groups (M = 112.50, SD = 10.37, M = 
112.66, SD = 8.54, and M = 110.91, SD = 7.61, respectively for 
9-, 12-, and 15 -year- olds). Therefore, all analyses were run includ- 
ing IQ as a covariate; as suggested by Delaney and Maxwell 
(1981) the covariate was mean centered for ANCOVA analyses 
in a repeated measures design. There were no main effects of or 
interactions with IQ scores in any of the analyses reported below. 

MATERIALS 

Peer relationships 

Friendship and antipathy relationships were identified based on 
sociometric nominations, and neutral peer relationships were 
based on peer ratings. Participants were provided with a num- 
bered list of all classmates and were asked nominate up to five 
classmates for the questions "Who are your friends?" and "Who 
do you not like at all?" Mutual nominations on these items were 
used to identify friendship and antipathy relationships (i.e., posi- 
tive and negative peer relationships), respectively (Guroglu et al., 
2007, 2009a). In addition, participants were asked to rate how 
much they liked each classmate on a scale ranging from ( 1 ) "do 
not like at all" to (3) "neither like nor dislike" to (5) "like very 
much." Classmates who mutually gave a neutral rating (3) for one 
another were identified as neutral peer relationships. 

Perspective-taking 

Perspective-taking was measured by the Perspective-taking sub- 
scale of the IRI (Davis, 1983). This measure of perspective-taking 
was included because it (i) assesses the tendency to spontaneously 
adopt the psychological point of view of others (rather than e.g., a 
spatial point of view) , (ii) assesses cognitive empathy skills (rather 
than e.g., affective empathy), (iii) is related to measures of inter- 
personal functioning, and (iv) is suitable for the broad age range 
of 9 to 18 years old. The perspective-taking subscale consisted of 
6 items (e.g., "I try to look at everybody's side of a disagreement 
before I make a decision") answered on a 5-point Likert scale 
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ranging from (1) not true at all to (5) completely true. We used 
an adolescent version of the IRI, where items have been adapted 
for the youngest age group in the study. The scale had moderate 
reliability (Cronbach's alpha 0.68). 

Fairness-related prosocial behavior 

A set of three allocation games were used to assess prosocial 
behavior related to fairness considerations (Fehr et al., 2008). 
Participants played these games on the computer where they were 
asked to distribute coins between themselves and their interac- 
tion partner by choosing one of the two preset distributions. One 
of the two options in each game was a fair distribution of coins 
with one coin for the self and one coin for the interaction partner 
[i.e., (1/1) distribution]. The alternative option varied between 
the three games, yielding three games: (i) the Costly prosocial 
game where the alternative option was two coins for self and 
zero coins for the other [i.e., (2/0) distribution], (ii) the Non- 
costly prosocial game where the alternative option was one coin for 
self and zero coins for the other [i.e., (1/0) distribution], (iii) the 
Disadvantageous prosocial game where the alternative option was 
one coin for the self and two coins for the other [i.e., (1/2) distri- 
bution] (see Figure 1). The dependent variable was the frequency 
of prosocial (i.e., not self-focused) choices [i.e., (1/1) distribution 
in the Non-costly and Costly prosocial games and (1/2) distribu- 
tion in the Disadvantageous prosocial game] and was calculated 
separately per game and interaction partner. 

Participants played a total of 48 trials of games in randomized 
order. The location of the fair distribution (1/1) was counter- 
balanced across trials. All three games were played four times 
with each of the four interaction partners (friends, antipathies, 
neutral, and anonymous peers). In order to render the games 
less repetitive and keep the participants engaged in these mul- 
tiple trials, we used the following design: Participants were told 
that each round of the game would be played with one of the 
four groups that were predetermined by the researchers. They 
were explained that the peers in three of the four groups would 




You 
Other 



FIGURE 1 | Visual display for the allocation games. (A) Two offers, each 
containing red and blue coins, indicate the share for the proposer and the 
interaction partner, respectively (here depicted Disadvantageous prosocial 
game 1/2 vs. 1/1). The left top panel displays the name of the proposer in red 



be randomly chosen classmates and the fourth group would be 
anonymous same gender and age peers from another school. In 
fact, peers from the three groups with classmates were not ran- 
domly chosen classmates. Each of the three groups contained 
either friends, neutral peers, or antagonists identified based on 
the sociometric nominations and ratings obtained during the 
first data collection. In each group, there were one, two or three 
players. 

Care was taken to present all four groups in a neutral man- 
ner so that participants would not be biased toward one group 
or another. To accomplish this, each group was randomly given 
one of the following neutral names: group Bike, group Car, group 
Airplane, and group Train. Participants were given lists of players 
in each group and were given ca. 5 min to study the group mem- 
bers. During each trial of the game, the list of players within a 
group was presented on the left side of the screen (see Figure 1). 
Each group was randomly assigned to the group of friends, 
antagonists, neutral classmates, and anonymous interaction 
partners. 

Participants were told that they would play each trial with a 
single individual interaction partner from the group they were 
playing with but they would not know exactly with whom. This 
was done so that there would be no strategies for multiple 
distributions. It was further explained that the computer would 
keep track of their interaction partners in each trial in order cal- 
culate everyone's earnings, which would be paid out at the end of 
all trials. Each trial started with a fixation cross (1 s), followed by 
a screen presenting the group they are playing with (left panel) 
and the set of alternatives they could choose from. Participants 
had 5 s to respond by pressing a keyboard key. If they failed to 
respond within 5 s, a screen with "Too late!" was presented for 1 s. 
Upon response, their choice was encircled in red for 2 s and subse- 
quently they were presented with the following trial. Completion 
of this task took about 2 min on average. Participants played 
six practice trials with the computer before the actual games 
started. 




You 
Other 



(here "Participant"). The left bottom panel displays the group (here group 
"train") in the current trial and the names of the players in this group (here 
"Rick, Wendy, and Sascha"). (B) The red encircled option indicates the offer 
made by the participant. 
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Trust-related prosocial behavior 

A single round of an adaptation of the Trust game (Berg et al., 
1995) was used to assess trust and reciprocity in social interac- 
tions. Participants played the Trust game on paper once as the first 
player (investor) and once as the second player (trustee) with each 
of the four types of interaction partners (i.e., 8 rounds in total). 
The four interaction partners were presented in four groups in the 
same way as for the allocation games explained above. The start- 
ing stake was 10 coins and the first player could choose between 
two options: an equal distribution of 5 coins for self and 5 coins 
for the trustee, or letting the trustee decide (i.e., trust). In the lat- 
ter case, the stake was doubled and the trustee had two options: 
give 10 coins each (i.e., reciprocate) or give nothing to the investor 
and take 20 coins for him/herself (i.e., defect). The options for 
the second player were visible to the first player from the start 
(see Figures 2A and 2B respectively for participant as investor 
and trustee). The dependent variable was the prosocial (i.e., not 
self-focused) choices made by the players and was coded in the 
following way: as the investor, the trust option was coded as 1 
and no-trust option as 0; as the trustee, the reciprocate option 
was coded as 1 and defect option as 0. Average frequency of trust 



A 




FIGURE 2 | Visual display for the Trust game. (A) Participant is the 
investor (here "you"), the interaction partner is the trustee (here group 
"boot"). (B) Participant is the trustee (here "you"), the interaction partner is 
the investor (here group "bicycle"). 



and reciprocity were calculated per age group and interaction 
partner. 

PROCEDURE 

Two elementary schools and one high school agreed to take part 
in the study. After consent was obtained from school author- 
ities, informed consent was obtained from parents and teach- 
ers. The first part of the data collection was carried out in 
classrooms where participants filled out several questionnaires, 
including sociometric nominations and ratings for all classmates, 
perspective-taking scale and the pen-and-paper version of the 
Raven's SPM. This session lasted about 45 min. Approximately 1 
week later at a second data collection day, computer tasks were 
presented on individual laptops with 15-inch monitors in a sepa- 
rate room. In groups of four at a time, participants completed the 
allocation tasks on the computer and the Trust game on paper. 
Care was taken that all instructions were clear. Previous stud- 
ies have successfully employed similar experimental designs with 
computer based allocation and gambling games in the age groups 
assessed here (van Leijenhorst et al., 2008; Guroglu et al., 2009a,b; 
van den Bos et al., 2010). This session lasted for about 30 min. At 
both data collection points participants were explained that their 
participation was voluntary and were ensured that their responses 
would remain anonymous. In order to further assure anonymity, 
we also emphasized during the second data collection point that 
the computer tasks were not online interactions and that class- 
mates could not see the participants' responses. We also took care 
to place individual laptop computers facing away from each other 
so that it was not possible for the participants to view each other 
others' responses. 

Participants were told that the coins in the allocation tasks 
were valuable. It was explained that after all participants com- 
pleted the allocation tasks and data collection was completed each 
participant would be paid a randomly chosen number of trials. It 
was emphasized that their decisions would determine the earn- 
ings for themselves as well as for their interaction partners. After 
data collection was completed, in agreement with the schools and 
parents all participants were paid a fixed amount of 3 euros (~5 
US dollars) each. This procedure was approved by the local ethics 
committee. 

RESULTS 

MANIPULATION CHECK 

At the end of the second session participants were asked to make a 
list of players in each group and were asked to indicate what they 
thought of each group (except for the group with anonymous 
players). This was assessed as a manipulation check to ensure 
that the participants paid attention to the group members and 
that they distinguished between the three groups of classmates 
each containing friends, antagonists, and neutral classmates in 
terms of likeability. Percentage of correct recall for the players in 
each group was high (M = 82%, SD = 20%). Fifteen-year-olds 
recalled significantly more players than 12 -year-olds [M =91 
and 75%, respectively; P(3, 104) = 3.53, p = 0.02]. Participants 
recalled players from the friend group (91%) more often than 
players from the antagonist (82%) and neutral peer groups (79%) 
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9i) = 13.0, p < 0.001 andF (1 , 95) = 16.8, p < 0.001, respec- 
tively]. Open-ended questions on what the participants thought 
of each group were recorded on a five-point scale ranging from 
(1) very negative to (5) very positive. Participants rated the friend 
group (M = 4.98, SD = 0.06) more positive than the neutral 
group [M = 3.84, SD = 0.16; 99) = 47.7, p < 0.001], which 
was rated more positively than the antagonist group [M = 3.26, 
SD = 0.23; 94) = 4.90, p = 0.03]. This manipulation check 
confirmed our expectation that the participants differentiated 
between different groups in terms of their relationships with 
them. The ratings for each group did not differ across the age 
groups [F(3. 88) = 0.92, p = 0.44, r|p = 0.03]; there was also no 
age group x group interaction in the ratings [F(5.27, 154.64) = 
1.19,p = 0.32, x\ 2 p = 0.04]. 

DESCRIPTIVES 
Peer relationships 

The mean number of mutual friendships, antipathies, and neu- 
tral relationships were 2.75 (SD = 1.62), 0.36 (SD = 0.76), and 
5.26 (SD= 4.51), respectively. Univariate analyses of variance 
(ANOVA) with age group as the between subjects factors yielded 
a main effect of age for number of friendships and antipathies 
[% 113) = 2.75, p = 0.05, r\ 2 = 0.07 and F (3 , „ 3 ) = 3.54, p = 
0.02, T)p = 0.09, respectively]. There were more friendships 
in 15-year-olds (M = 3.43, SD = 1.50) than in 18-year-olds 
(M = 2.26, SD = 1.32). Nine-year-olds (M = 0.71, SD = 1.07) 
had more antipathy relationships than 18-year-olds (M = 0.13, 
SD = 0.34). 

Perspective-taking 

The perspective-taking scores ranged from 1.17 to 4.83 with 
a mean of 3.32 (SD = 0.63). There was a significant cor- 
relation between perspective-taking and age [r(\\7) = 0.35, 
p < 0.001] and between perspective-taking and IQ [r(n3) = 0.23, 
p = 0.02]; the correlation between age and perspective-taking 
remained significant when controlling for IQ [partial i-qio) = 
0.34, p < 0.001]. 

PROSOCIAL BEHAVIOR IN FAIRNESS CONSIDERATIONS 

A repeated measures analysis of variance with Age group (four 
levels: 9-, 12-, 15-, and 18-year-ols) as the between subject factors 
and Relationship type (four levels: friends, antipathies, neutral 
peers, and anonymous peers) as the within subject factor was con- 
ducted for frequency of prosocial offers made in each of the three 
games All analyses where the Mauchly's test indicated a viola- 
tion of the assumption of sphericity, the Huyn-Feldt correction is 
reported. 

In the Non-costly prosocial game (see Figure 3A), participants 
chose the prosocial offer [i.e., (1/1) distribution] on 52% of the 
trials (SD = 29%). The main effect of Age group was not signif- 
icant [i 7 (3 j 103) = 2.34, p = 0.08, r\i = 0.06]. There was a main 
effect of Relationship type [F( 3i 3o 9 ) = 16.5, p < 0.001, r\ 2 = 
0.14]: prosocial behavior was higher for friends than for neutral 



See Supplementary material for analyses comparing behavior across the three 
games per age group. 



peers [F(i, 106) = 4.58, p = 0.04, r\ 2 = 0.04], which was again 
higher than for antagonists [F(i : 106) = 13.6, p < 0.001, r\ 2 = 
0.11]. Prosocial behavior toward antagonists and anonymous 
peers did not differ 106) = 0.04, p = 0.85]. This main effect 
was qualified by an Age group x Relationship type interaction 
[F( 9 , 309) = 2.63, p = 0.006, x\ 2 = 0.07]. Nine- and 12-year-olds 
did not differ in their frequency of (1/1) offers across the four 
interaction partners [overall M = 57 and 45%, SD = 26% and 
28%, F (2 .4i, 48.3) = 0.69, p = 0.56, r,2 = 0.02 and F (3 , si) = 1-76, 
p = 0.16, r\p = 0.06, respectively]. In contrast, 15- and 18-year- 
olds differentiated in their responses toward the other play- 
ers [F(2.4i. 48.3) = 5.26, p = 0.006, r\j, = 0.21 andF^ 75) = 6.22, 
p = 0.001, r\p = 0.20, respectively]. Tukey post-hoc tests indicated 
that 15- and 18-year-olds were more prosocial toward friends 
(M = 63 and 82%, respectively) than toward antagonists and 
anonymous peers (M = 37 and 46% anonymous peers, and M = 
34 and 46% antagonists, respectively for 15- and 18-year-olds; all 
F > 6.21, p < 0.02). Further, both 15- and 18-year-olds displayed 
more prosocial behavior toward the neutral peers (M = 53 and 
69%, respectively) than toward antagonists (M = 34 and 46%, 
respectively; allF > 4.90, p < 0.04). 

In the Costly prosocial game (see Figure 3B), participants chose 
the fair (1/1) distribution on approximately 50% of the trials 
(SD = 29%). The main effect of Age group was not signifi- 
cant [F(3. 103) = 0.9, p = 0.47, r\p = 0.03]. There was a main 
effect of Relationship type [^2. 87. 296) = 18.7, p < 0.001, r\ 2 = 
0.15]. As in the Non-costly prosocial game, prosocial behavior was 
again higher for friends than for neutral peers [F(i > 106) = 9.07, 
p = 0.003, r|p = 0.08], which was again higher than for antag- 
onists 106) = 13, p < 0.001, r\p = 0.11]; prosocial behavior 
toward antagonists and anonymous peers again did not differ 
[F(i. 106) = 0.28, p = 0.60]. This interaction was qualified by an 
Age group x Relationship type interaction [F(8.62, 296) = 2.33, 
p = 0.02, y\p = 0.06]. Again, 9- and 12-year-olds did not differ 
in their frequency of prosocial offers across their interaction part- 
ners [overall M = 55 and 51%, SD = 29 and 27%; F (2 . 5 8, 72.2) = 
0.92, p = 0.42and_F (3> 8 i) = 2.53, p = 0.06, respectively]. For the 
other two age groups, a differentiation was observed [i 7 ^ 60) = 
3.53, p = 0.02, x\ 2 p = 0.15 and F (3i 75) = 4.84, p = 0.004, r\ 2 p = 
0.16, for 15- and 18-year-olds, respectively]: participants dis- 
played more prosocial behavior toward friends (15-year olds M = 
57%; 18-year-olds M = 75%) than toward anonymous peers 
(15-year-olds M = 28%; 18-year-olds M = 34%; all _F > 4.99, 
p < 0.04) and antagonists (15-year-olds M = 34%; 18-year-olds 
M = 39%; all F > 7.58, p < 0.01). Furthermore, 18-year-olds 
were also more prosocial toward their friends than toward neutral 
peers [M = 51%, 25 ) = 10.2,p = 0.004, i\ 2 p = 0.29]. 

Finally, in the Disadvantageous prosocial game (see Figure 3C), 
the prosocial (1/2) distribution was chosen on approxi- 
mately one-third of the trials (M = 32%, SD = 26%). The 
main effect of Age group was not significant [F^ 9 8) = 
2.56, p = 0.06, rip = 0.07]. There was again a main effect 
of Relationship type [F(2.57, 252) = 26.2, p < 0.001, i\ 2 = 0.21]. 
Prosocial behavior was higher for friends than for neutral 
peers [Fq, 101) > 20.7, p < 0.001, x\ 2 = 0.17]. Behavior toward 
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FIGURE 3 | Prosocial behavior in the allocation games. Mean frequency 
(%) and standard errors of prosocial offers [i.e., (1/1) distribution in the (A) 
Non-costly prosocial game and the (B) Costly prosocial game and (1/2) 
distribution in the (C) Disadvantageous prosocial game] are presented per 
interaction partner for the four age groups. Age differences are indicated by 
an asterisk (*). *p < 0.05, **p < 0.01 , "*p < 0.001 . 



neutral peers, antagonists, and anonymous peers did not differ 
significantly 10 i) = 3.70, p = 0.06, T| 2 = 0.04]. There was 
also a significant Age group x Relationship type interaction 
in the Disadvantageous prosocial game [^(7.71, 252) = 2.36, p = 
0.02, r\p = 0.07]. As in the Non-costly prosocial game and the 
Costly prosocial game, 9-year-olds did not differ in frequency 
of prosocial choices across interaction partners [overall M = 
43%, SD = 26%, F a , 28) = 1-50, p = 0.23]. In contrast, 12-, 15- 
, and 18-year-olds were more prosocial toward their friends 
(M = 41%, M = 48%, and M = 54%, respectively; all F > 7.81, 
p < 0.01) than toward antagonists (M = 24%, M = 27%, and 
M = 10%, respectively) and anonymous peers (M = 22%, M = 
19%, and M = 10%, respectively; all F > 9.90, p < 0.004). Both 
15- and 18-year-olds displayed also more prosocial behavior 
toward their friends than toward neutral peers (M = 35% and 
M = 13%, respectively, allF > 6.38, £ < 0.02). 



PROSOCIAL BEHAVIOR IN TRUST AND RECIPROCITY CONSIDERATIONS 

Two repeated measures analyses were conducted; one for trust 
and one for reciprocity choices with Age group as the between 
subjects factor and Relationship type as the within subject factor. 
For trust behavior (see Figure 4A), there was only a signifi- 
cant main effect of relationship [i 7 (3 j 255) = 37.7, p < 0.001, r)p = 
0.31]. Participants trusted friends (M = 72%, SD = 45%) more 
often than other peers (all F > 61.7, p < 0.001). Trust displayed 
for antagonists (M = 21%, SD = 41%), anonymous (M = 20%, 
SD = 40%) and neutral peers (M = 29%, SD = 46%) did not 
differ from each other [F12, 170) = 2.40, p = 0.09]. There was no 
main effect of Age group or an interaction with Age group. 

For reciprocity (see Figure 4B), there was a only main effect 
of Relationship, with higher reciprocity for friends than for 
other interaction partners [f (3, 255) = 31.7, p < 0.001, r| 2 = 
0.27]. Mean reciprocity ranged between 83% (9-year-olds, SD = 
38%) and 100% (18-year-olds, SD = 0%). We examined the reci- 
procity scores for the other three interaction partners separately 
for the four age groups. These analyses showed that 9-, and 
12-year-olds did not differ in reciprocity toward antagonists, neu- 
tral, and anonymous peers (all F < 2.80, p > 0.08). In contrast, 
15- and 18-year-olds showed higher reciprocity toward neutral 
peers (M = 63%, SD = 50% and M = 68%, SD = 48%, respec- 
tively) than toward anonymous peers [M = 26%, SD = 45% and 
M = 20%, SD = 41%; F (h 17) = 8.01, p = 0.01, n 2 = 0.32 and 
F(\, 23) = 9.50, p = 0.005, n 2 = 0.29, respectively for 15- and 
18-year olds]. 

MEDIATING ROLE OF PERSPECTIVE-TAKING 

Next, we investigated the mediating role of perspective-taking in 
the link between age and prosocial behavior. For this purpose, 
we followed the mediator analysis and SPSS syntax provided by 
Preacher and Hayes (2004). This method tests whether an indi- 
rect effect (i.e., the path from age to prosocial behavior with 
perspective-taking as mediator) is significantly different from 
zero. Accordingly, we examined the coefficients for (a) the link 
between the independent variable (i.e., age) and the mediator 
(i.e., perspective-taking), and (b) the link between the media- 
tor (i.e., perspective-taking). We used a bootstrapping technique 
with 10,000 iterations and computed the 95% confidence interval 
around the product term a*b. The mediation effect is significant 
if zero falls out of this confidence interval. Considering that the 
direct effect of age on prosocial behavior is a prerequisite for 
testing mediation, we focused our analyses on those dependent 
variables where we observed a significant correlation with age: 
prosocial behavior with friends and neutral peers in the Non- 
costly prosocial game [/(105) = 0.21, p = 0.03 and r (10 5) = 0.19, 
p = 0.05, respectively], prosocial behavior with anonymous peers 
in the Costly prosocial game [r(ios) = —0.21, p = 0.03], proso- 
cial behavior with antagonists, neutral peers, and anonymous 
peers in the Disadvantageous prosocial game [/"(ion) = —0.29, 
p = 0.003, r ( ioo) = -0.27, p = 0.006, and r (l00) = -0.31, p = 
0.002, respectively], and reciprocity with anonymous peers 
[r (86) = -0.23, p = 0.03]. 

A significant mediation effect was found only for the Non- 
costly prosocial game with friends and not for the other dependent 
variables. The 95% confidence interval for the indirect effect 
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FIGURE 4 | Prosocial behavior (trust and reciprocity) in the Trust game. 

Mean frequency (%) and standard errors of (A) trust and (B) reciprocity 
choices in the Trust game are presented per interaction partner for the four 
age groups. Age differences are indicated by an asterisk (*). **p < 0.01, 
*"p < 0.001. 



ranged from 0.17 to 1.61, showing that perspective-taking medi- 
ates the direct link between age and prosocial behavior toward 
friends (see Figure 5). The direct effect of age on prosocial behav- 
ior was no longer significant when controlling for perspective- 
taking (P = 0.14), f(m) = 1.72, p = 0.09. 

DISCUSSION 

The current study employed an experimental approach toward 
examining the development of prosocial behavior in social inter- 
actions with peers across adolescence. Our findings contribute 
to the existing literature examining context dependency of social 
behavior in three significant manners. First, we employed a 
variety of controlled experimental conditions examining forms 
of prosocial behavior such as costly and non-costly prosocial 
behavior, as well as trust and reciprocity, which provided us 
with different ways of assessing altruistic motivations aimed at 
maximizing outcomes for another person. Second, we exam- 
ined behavior with four different interaction partners. Finally, we 
examined these processes across a wide age range from 9 to 18 
years. More specifically, we demonstrated that 9- and 12-year- 
olds treated interaction partners similarly, whereas older ado- 
lescents' (15- and 18-years) prosocial behavior was significantly 
moderated by who their interaction partner was. Moreover, we 
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FIGURE 5 | Perspective-taking skills mediating the link between age 
and prosocial behavior. Figure depicts the results of the mediation 
analyses and shows that perspective-taking is a mediator between age and 
non-costly prosocial behavior toward friends. **p < 0.001 , *p < 0.05. 



demonstrated that perspective-taking skills mediated age related 
differences in prosocial behavior when interacting with friends. 

DEVELOPMENT OF PROSOCIAL BEHAVIOR 

We assessed prosocial behavior using a set of three allocation 
games: the Non-costly prosocial game, the Costly prosocial game, 
and the Disadvantageous prosocial game (Fehr et al., 2008). By pre- 
senting participants a dichotomous choice where one of the two 
options is always a (1/1) fair distribution, we were able to com- 
pare the preference for equal outcomes across different contexts. 
Three relevant processes need to be kept in mind in interpreting 
decision-making processes across these conditions: (1) a strong 
preference for equity, which would be indicated by equity choices 
(1/1) across games, (2) cost of choosing one distribution over the 
other in each game, and (3) payoff comparison for self vs. other, 
that is, whether the other gets more than self or not (Radke et al., 
2012). A strong sense of equity requires participants to choose the 
(1/1) distribution regardless of context (i.e., game) with varying 
costs to the self. 

Fehr et al. (2008) previously showed that prosocial behavior 
increases with age from 3 to 8 years, but that 8-year-olds have 
a stronger preference for equity, also when the alternative is a 
non-costly and prosocial distribution (i.e., in the Disadvantageous 
prosocial game). This result was replicated in the current study in 
adolescents. That is to say, overall levels of prosocial choices were 
lower in the Disadvantageous prosocial game than in the other two 
games, supporting context dependency of fairness considerations. 

It is important to consider the current results in relation to 
previous findings. Although earlier findings have not been com- 
pletely unanimous, several studies have shown no age differences 
in across 9 to 18 years in costly prosocial behavior assessed as fail- 
allocations in a Dictator game (Gummerum et al., 2008; Guroglu 
et al., 2009a,b). In the current study we also show that there 
are no age differences in the Costly prosocial game in interac- 
tions with classmates, whereas there is a slight age-related decline 
in fair allocations to anonymous others. Overall levels of proso- 
cial behavior in the Non-costly prosocial game were somewhat 
lower than those reported by Fehr et al. (2008) for 7-8 year-olds 
(around 80%). However, Steinbeis and Singer (2013) reported 
equity choices in the Non-costly prosocial game to be around 15% 
for 7-8 year-olds, and around 60% for 11-13 year-olds, which 
is similar to our findings. In contrast, prosocial choices in the 
Disadvantageous prosocial game were higher in the current study 
than those reported previously, particularly for the youngest age 
group. As suggested by Steinbeis and Singer (2013), different 
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incentives used in these studies form a plausible explanation 
for these discrepancies. Furthermore, previous studies examined 
interactions with anonymous others in general, whereas the cur- 
rent study introduced different interaction partners. It is likely 
that such differences in the experimental design shape choices, 
where participants' decisions are influenced by the broad context 
in which different decisions are being made across interaction 
partners (for a similar discussion, see (Guroglu et al., 2009a,b). 
Interestingly, percentages of prosocial choices in the Costly proso- 
cial game were comparable across all three studies. Future studies 
could investigate whether non-costly prosocial behavior is more 
sensitive to context factors than costly prosocial behavior. 

In addition, we showed that interaction partners significantly 
moderated the developmental patterns of prosocial behavior 
across ages 9 to 18. Specifically, there was an age related increase 
in non-costly prosocial behavior (i.e., in the Non-costly prosocial 
game), but only toward friends and neutral peers. Costly proso- 
cial behavior decreased with age toward anonymous peers. Thus, 
participants are willing to incur costs for an equitable distribu- 
tion, but with increasing age less so for unknown others. Finally, 
in case of non-costly prosocial behavior that specifically benefits 
the other (i.e., in the Disadvantageous prosocial game), there was 
a decrease in the non-costly prosocial choices toward antagonists, 
neutral and anonymous peers. Thus, only for friends participants 
are willing to accept an unequal prosocial outcome. Such evidence 
for increasing as well as decreasing levels of prosocial behavior 
might help us better understand the previously reported contra- 
dictory findings on developmental patterns of prosocial behavior. 
Besides studies showing increasing levels of prosocial behavior 
(e.g., Eisenberg et al, 1991, 1995), there are findings suggesting 
a decline in prosocial behaviors from middle to late adolescence 
(e.g., Luengo Kanacri et al., 2013). Our findings suggest that 
future studies should better examine the role of interaction part- 
ners in displays of prosocial behavior to get a more nuanced idea 
on these developmental patterns. 

The second set of analyses focused on trust and reciprocity in 
the Trust game. Contrary to expectations, trust- and reciprocity- 
related prosocial behavior showed no age related changes. That 
is to say, per interaction partner, participants of all ages showed 
similar levels of trust. Several prior developmental studies have 
demonstrated low levels of trust and reciprocity toward strangers 
in children and young adolescents, and that both trust and reci- 
procity behavior increase with age (Sutter and Kocher, 2007; van 
den Bos et al, 2010). The current findings add to this literature by 
showing that 9-year-olds can already display trust and reciprocity 
behavior when they are interacting with friends. Prior reports 
already indicated that interpersonal trust is an important aspect 
of friendship across childhood and adolescence (Bigelow and La 
Gaipa, 1975; Selman, 1980; Youniss, 1980). The reciprocal aspect 
of friendships increases in importance around elementary school 
and reciprocity remains to be the deep structure of friendships 
across the life-span (Hartup and Stevens, 1997). 

A CLOSER LOOK AT THE ROLE OF INTERACTION PARTNERS IN 
PROSOCIAL BEHAVIOR 

Young adolescents in the age group of 9- and 12-year-olds gener- 
ally showed similar levels of prosocial behavior for all interaction 



partners. In contrast, 15- and 18-year-olds clearly differentiated in 
prosocial behavior depending on the interaction partner. When 
prosocial behavior was non-costly, 15- and 18-year-olds acted 
more prosocial toward friends and neutral peers than to disliked 
and anonymous ones; when it was costly, 18-year-olds further 
differentiated friends from neutral peers. Thus, the development 
of the differentiation of interaction partners in displays of costly 
prosocial behavior seems to be prolonged across adolescence; 
this might possibly be because prosocial behavior requires better 
control of self-outcome maximization. 

Differentiation of interaction partners in displays of costly and 
non-costly prosocial behavior has been shown for 3.5- and 4.5- 
year-olds (Olson and Spelke, 2008; Moore, 2009). In light of 
these previous findings, it might be puzzling that 9- and 12-year- 
olds in our study did not differentiate at all between interaction 
partners. Our findings are further, however, in line with the find- 
ings of Buhrmester et al. (1992) where they show that 6- and 
10-year-olds do not differentiate between friends and neutral 
peers in their sharing behavior, whereas 14-year-olds share more 
with friends than with neutral peers. The pattern of prosocial 
behavior of 15- and 18-year-olds in the current study, where we 
see the differentiation of friends from all other peers, fits well 
with the developmental role of friendships and their increasing 
importance across adolescence (Sullivan, 1953; Youniss, 1980). 

The significant role of friendships across childhood and ado- 
lescence is further supported by the strong differentiation of 
friends from other peers in displays of trust and reciprocity. 
Participants of all ages showed highest levels of trust and reci- 
procity for friends. Oldest adolescents further differentiated 
between the other three peer groups, such that trust of anony- 
mous and disliked peers were less often reciprocated than trust of 
neutral peers. It is noteworthy that even the youngest age groups 
differentiated between friends and other peers in their trust and 
reciprocity behavior, whereas this effect was lacking in the alloca- 
tion games. It could be that trust and reciprocity develop initially 
within close relationships such as friendships, whereas fairness 
related prosocial behavior are more general forms of prosocial 
behavior that are not relationship-specific. 

Interestingly, neither prosocial choices in the allocation games 
nor trust and reciprocity choices in the Trust game differed for 
disliked and anonymous peers in any of the age groups. It might 
be that within the current context both these groups were seen as 
an out-group and that adolescents differentiate mainly between 
in-group and out-group members of the peer group (Fehr et al., 
2008). As Fehr et al. (2008) rightly indicate, prosocial behav- 
ior (particularly in the form of reciprocity) can be motivated by 
selfish impulses related to expectations of future benefits from 
interaction partners. In this respect, it could be that partici- 
pants' lack of expectations to interact with disliked as well as with 
anonymous peers in the future might explain behavior in this 
context. 

Taken together, across adolescence control of outcome- 
maximization and payoff comparisons are increasingly better 
incorporated into decision-making. These results are in line with 
our previous findings showing developmental patterns that are 
dependent on intentionality of unfair treatment (Guroglu et al., 
2009a,b, 2011; Overgaauw et al, 2012) and reputation based on 
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previous interactions (Will et al., 2013). These findings show 
that social context information is increasingly better incorpo- 
rated into decision-making. Prior studies showed that, despite 
stable individual differences, prosocial behavior is difficult to 
predict over time (Eisenberg et al., 1999). Our findings suggest 
that prosocial behavior is increasingly sensitive to factors related 
to the social context in which interactions take place, which 
might explain weak consistency in prosocial behavior in prior 
studies. 

ROLE OF PERSPECTIVE-TAKING IN PROSOCIAL BEHAVIOR 

One of the questions that we addressed in this research was the 
role of perspective-taking skills as a possible mediator of age 
related differences in prosocial behavior. Indeed, we found that 
the age related increases in prosocial behavior toward friends 
was mediated by self-reported perspective taking in the Non- 
costly prosocial game. It has been shown that perspective-taking 
has a protracted developmental trajectory into late adolescence 
(Dumontheil et al., 2009). We provide further support for this 
developmental trajectory based on self-reported perspective- 
taking, and this pattern is linked to differences in prosocial 
behavior. 

Considering that we found support for the mediating role 
of perspective-taking in age related increase in prosocial behav- 
ior only in one of the games examined here, caution must be 
taken in interpreting these results and their implications for gen- 
eralization. Interestingly, only non-costly prosocial behavior was 
mediated by perspective-taking. Possibly, in the Costly proso- 
cial game where prosocial behavior is costly, changes in other 
aspects of cognitive development, such as executive functioning 
and cognitive control, are more strongly related to costly proso- 
cial behavior, where control of self-maximizing impulses play a 
role (Steinbeis et al., 2012; Luengo Kanacri et al., 2013). Although 
prosocial behavior in the Disadvantageous prosocial game was not 
costly, it can be considered as costly in terms of comparative inter- 
personal costs because it leads to a disadvantagous distribution 
of coins for the participant. In this sense, it could be that con- 
trol of impulses also plays a relatively more important role than 
perspective-taking skills in this form of prosocial behavior. For 
future research it will be interesting to examine other interac- 
tion partners, such as parents, to better understand the aspects 
of social context that triggers perspective-taking and prosocial 
behavior. Previous studies also point out that perspective-taking 
skills play a significant role in both trust and reciprocity decision 
(Malhotra, 2004; van den Bos et al., 2010, 2011a,b). In the cur- 
rent study, due to practical considerations we could not employ 
similar study designs that would allow us to examine the role of 
perspective taking in trust and reciprocity. Future studies should 
aim to employ task manipulations that specifically address the 
role of perspective-taking in trust and reciprocity decision with 
different interaction partners. 

CONCLUDING REMARKS 

In the current study, we did not examine the role of gender in 
prosocial behavior in interactions with peers due to too small 
sample sizes per gender and age group. There is ample evidence 
on gender differences in both peer relationships and displays 



of prosocial behavior (Maccoby, 1986; Eisenberg et al., 1996). 
Across middle childhood and adolescence friendships are typ- 
ically same-sex dyads, and friendships of girls are more often 
characterized by prosocial behavior, whereas friendships of boys 
more often involve displays of antisocial behavior (Guroglu et al., 
2007). Considering the relatively low prevalence of same-sex 
antipathy relationships (Guroglu et al, 2009a,b), peer nomina- 
tions were not restricted to same-sex nominations in the current 
study. Also, the small sample size within each age group did not 
allow us to examine gender effects. Future research should fur- 
ther examine the role of gender and gender combinations in peer 
interactions. 

The experimental design of the allocation games in the 
current study ensured anonymity of all choices. This was 
done to restrict the possible role of social desirability in dis- 
plays of prosocial behavior. A previous study examining shar- 
ing between friends and non-friends has shown that secret 
vs. public acts of sharing might differ (Buhrmester et al., 
1992). Similarly, Leimgruber et al. (2012) provide evidence 
for strategic prosociality in 5-year-olds, where children behave 
more generously when the recipient is aware of the details of 
their actions. Considering that real-life social behavior usu- 
ally takes place in the presence of others (peers, as well as 
parents and teachers), future studies should investigate how 
this aspect of context influences social decision-making across 
adolescence. 

It is also important to note that 9-year-olds in our study 
do not differ in their frequency of prosocial behavior depend- 
ing on the alternatives in each game. In other words, they 
do not differentiate between costly and non-costly prosocial 
behavior (see Supplementary Material). This is in contradic- 
tion with prior findings from similar and even younger age 
groups (Fehr et al, 2008; Blake and McAuliffe, 2011; Shaw and 
Olson, 2012), where decisions are shown to be affected by pay- 
offs. Although the tasks were explained in detail to participants 
in small groups and all participants were given the chance to 
ask questions to ensure that everyone understood the task, it 
is possible that the youngest participants had trouble under- 
standing the games. Future studies should include a compre- 
hension check to assess whether children understand the payoff 
structure. 

Here we employed a cross-sectional design to examine age dif- 
ferences in prosocial behavior. The current findings are highly 
informative for understanding developmental trajectories in 
prosocial behavior. Studies employing longitudinal designs are 
needed to reach conclusions regarding these developmental tra- 
jectories. Such longitudinal examinations will enable researchers 
to examine individual differences in peer relationship history 
(e.g., chronic rejection by peers or consistent popularity) and 
link these to cognitive changes (such as perspective-taking) and 
social behavior. However, longitudinal assessments of sociomet- 
ric measures where complete school classes are tested using 
experimental designs as that employed here are challenging in 
terms of practical considerations. Future studies should focus 
on alternative ways of assessing prosocial behavior with real- 
life interaction partners that are feasible within longitudinal 
designs. 
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This study merges two important aspects of development: 
social decision-making and peer relationships. Our design is 
unique in the way it employs sociometric measures, a core 
method to assess peer relationships, and combines this with an 
experimental design using economic exchange games, which are 
highly efficient in examining social decision-making processes. 
The use of this experimental design employing allocation games 
tapping at different aspects of social decision-making further 
enabled us to examine prosocial behavior from different aspects, 
i.e., in terms of fairness, trust, and reciprocity considerations. 
The added value of this approach lies in its feasibility to examine 
social behavior toward different types of peers, which is not easily 
assessed using other methods such as questionnaire or observa- 
tions of behavior. This approach is promising in understanding 
social exclusion in the peer context and the role of peer relation- 
ships in the treatment of bullies as well as victims (Guroglu et al., 
2013). 

The differential patterns of behavior for interaction partners 
support the special role of friendships as forming the most signif- 
icant developmental contexts across adolescence (Hartup, 1996), 
especially for prosocial behavior (Carlo et al., 1999). Converging 
evidence from all forms of behavior examined in this study is 
that adolescents treat friends differently than all other types of 
peers, and this special treatment is shaped throughout adoles- 
cence. In recent years, neuroscientific research has further high- 
lighted the special and rewarding role of social interactions with 
friends (see e.g., Guroglu et al., 2008; Braams et al., 2013). Future 
research needs to further pay attention to this context specificity 
of social behavior, and examine its links with the developing social 
brain. 

ACKNOWLEDGMENTS 

The authors would like to thank Landa Endlich, Brenda Riegman, 
Laura Stevens, and Marjolijn van Woudenberg for their help 
with the data collection. This research was supported by the 
Netherlands Organization for Scientific Research (NWO) Grants 
056-34-010 to Eveline A. Crone and 451-10-021 to Berna 
Guroglu. 

SUPPLEMENTARY MATERIAL 

The Supplementary Material for this article can be found online 
at: http://www.frontiersin.org/journal/10.3389/fpsyg.2014. 
00291/abstract 

REFERENCES 

Amato, P. R. (1990). Personality and social network involvement as predic- 
tors of helping behavior in everyday life. Soc. Psychol. Q. 53, 31-43. doi: 
10.2307/2786867 

Berg, J., Dickhaut, J., and McCabe, K. (1995). Trust, reciprocity and 
social history. Games Econ. Behav. 10, 122-142. doi: 10.1006/game.l9 
95.1027 

Berndt, T. J. (1981). Age changes and changes over time in prosocial intentions 
and behavior between friends. Dev. Psychol. 17, 408^16. doi: 10.1037/0012- 
1649.17.4.408 

Berndt, T. J. (1985). Prosocial behavior between friends in middle childhood 
and early adolescence. /. Early Adolesc. 5, 307-317. doi: 10.1177/02724316850 
53005 

Bigelow, B. J., and La Gaipa, J. J. (1975). Children's written descriptions of friend- 
ship: a multidimensional analysis. Dev. Psychol. 11, 857-858. doi: 10.1037/0012- 
1649.11.6.857 



Blake, P. R., and McAuliffe, K. (2011). "I had so much it didn't seem fair": 

Eight -year- olds reject two forms of inequity. Cognition 120, 215-224. doi: 

10.1016/j.cognition.2011.04.006 
Braams, B., Guroglu, B., de Water, E., Meuwese, R., Koolschijn, P. C, Peper, J., et al. 

(2013). Reward -related neural responses are dependent on the beneficiary. Soc. 

Affect. Cogn. Neurosci. doi: 10.1093/scan/nst077. [Epub ahead of print]. 
Brown, B. B. (2004). "Adolescents' relationships with peers," in Handbook of 

Adolescent Psychology, eds R. M. Lerner and L. Steinberg {New Jersey: John 

Wiley), 363-394. 

Buhrmester, D., Goldfarb, J., and Cantrell, D. (1992). Self-presentation when 
sharing with friends and nonfriends. /. Early Adolesc. 12, 61-79. doi: 
10. 1 1 77/027243 16920 1200 1004 

Burnham, T., McCabe, K., and Smith, V. L. (2000). Friend-or-foe intentionality 
priming in an extensive form trust game. /. Econ. Behav. Organ. 43, 57-73. doi: 
10.1016/S0167-2681(00)00108-6 

Card, N. A., and Hodges, E. V. E. (2007). Victimization within mutu- 
ally antipathetic relationships. Soc. Dev. 16, 479-496. doi: 10.1 1 1 l/j.1467- 
9507.2007.00394.x 

Carlo, G., Fabes, R. A., Laible, D., and Kupanoff, K. (1999). Early adolescence and 

prosocial/moral behavior II: the role of social and contextual influences. /. Early 

Adolesc. 19, 133-147. doi: 10.1177/0272431699019002001 
Carlo, G., and Randall, B. A. (2002). The development of a measure of prosocial 

behaviors for late adolescents. /. Youth Adolesc. 31, 31-44. doi: 10.1023/A:1014 

033032440 

Carpenter, P. A., Just, M. A., and Shell, P. (1990). What one intelligence test mea- 
sures: a theoretical account of the processing in the Raven Progressive Matrices 
Test. Psychol. Rev. 97, 404-431. doi: 10.1037/0033-295X.97.3.404 

Costin, S. E., and Jones, D. C. (1992). Friendship as a facilitator of emotional 
responsiveness and prosocial interventions among young children. Dev. Psychol. 
28, 941-947. doi: 10.1037/0012-1649.28.5.941 

Davis, M. H. (1983). Measuring individual differences in empathy: evidence 
for a multidimensional approach. /. Pers. Soc. Psychol. 44, 113-126. doi: 
10.1037/0022-3514.44.1.113 

Delaney, H. D., and Maxwell, S. E. (1981). On using analysis of covariance 
in repeated measures designs. Multivariate Behav. Res. 16, 105-123. doi: 
10.1207/sl5327906mbrl601_6 

Delgado, M. R., Frank, R. H., and Phelps, E. A. (2005). Perceptions of moral charac- 
ter modulate the neural systems of reward during the trust game. Nat. Neurosci. 
8, 1611-1618. doi: 10.1038/nnl575 

Dumontheil, I., Apperly, I. A., and Blakemore, S.-J. (2009). Online usage of theory 
of mind continues to develop in late adolescence. Dev. Sci. 13, 331-338. doi: 
10. 1 1 1 1/j. 1467-7687.2009.00888.X 

Dunham, Y., Baron, A. S., and Carey, S. (2011). Consequences of 'minimal' 
group affiliations in children. Child Dev. 82, 793-811. doi: 10. 1 1 1 1467- 
8624.2011.01577.x 

Eisenberg, N., Carlo, G., Murphy, B. C, and van Court, P. (1995). Prosocial devel- 
opment in late adolescence: a longitudinal study. Child Dev. 66, 1179-1197. doi: 
10.2307/1131806 

Eisenberg, N., Fabes, R. A., Karbon, M., Murphy, B. C, Woskinski, M., Polazzi, 
L., et al. (1996). The relations of children's dispositional prosocial behavior to 
emotionality, regulation, and social functioning. Child Dev. 67, 974-992. doi: 
10.2307/1131874 

Eisenberg, N., Fabes, R. A., and Spinrad, T. L. (2006). "Prosocial behavior," in 
Handbook of Child Psychology: Vol. 3. Social, emotional, and personality devel- 
opment, 6th Edn., W. Damon and R. M. Lerner {Series ed) and N. Eisenberg, 
(Vol. ed), (New York, NY: Wiley), 646-718. 

Eisenberg, N., Guthrie, I. K., Murphy, B. C, Shepard, S. A., Cumberland, A., and 
Carlo, G. (1999). Consistency and development of prosocial dispositions: a 
longitudinal study. Child Dev. 70, 1360-1372. doi: 10.1111/1467-8624.00100 

Eisenberg, N., and Miller, P. A. (1987). The relation of empathy to prosocial and 
related behavior. Psychol Bull 101, 91-119. doi: 10.1037/0033-2909.101.1.91 

Eisenberg, N., Miller, P. A., Shell, R., McNalley, S., and Shea, C. (1991). Prosocial 
development in adolescence: a longitudinal study. Dev. Psychol. 27, 849-857. 
doi: 10.1037/0012-1649.27.5.849 

Fehr, E., Bernhard, H., and Rockenbach, B. (2008). Egalitarianism in young 
children. Nature 454, 1079-1084. doi: 10.1038/nature07155 

Fehr, E., Fischbacher, U., and Gachter, S. (2002). Strong reciprocity, human 
cooperation and the enforcement of social norms. Hum. Nat. 13, 1-25. doi: 
10.1007/sl2110-002-1012-7 



w w w.f ro ntiersin.org 



April 2014 | Volume 5 | Article 291 | 11 



Guroglu et al. 



Prosocial behavior with peers 



Furman, W., and Bierman, K. L. (1984). Children's conceptions of friendship: a 
multidimentional study of developmental changes. Dev. Psychol. 20, 925-931. 
doi: 10.1037/0012-1649.20.5.925 

Gummerum, M., Keller, M., Takezawa, M., and Mata, J. (2008). To give or 
not to give: children's and adolescents' sharing and moral negotiations in 
economic decision situations. Child Dev. 79, 562-576. doi: 10. 1 1 1 1467- 
8624.2008.01143.x 

Guroglu, B., Haselager, G. J. T., van Lieshout, C. F. M., Takashima, A., Rijpkema, M., 
and Fernandez, G. (2008). Why are friends special? Implementing a social inter- 
action simulation task to probe the neural correlates of friendship. Neuroimage 
39, 903-910. doi: 10.1016/j.neuroimage.2007.09.007 

Guroglu, B., Haselager, G, van Lieshout, C. F. M., and Scholte, R. H. J. (2009a). 
Antagonists in antipathy relationships: a person-oriented approach. /. Res. 
Adolesc. 19, 35-46. doi: 10.1111/j.l532-7795.2009.00580.x 

Guroglu, B., van den Bos, W., and Crone, E. A. (2009b). Fairness considerations: 
Increasing understanding of intentionality in adolescence. /. Exp. Child Psychol. 
104, 398-409. doi: 10.1016/j.jecp.2009.07.002 

Guroglu, B., van den Bos, W., van Dijk, E., Rombouts, S. A. R. B., and Crone, 
E. A. (2011). Dissociable brain networks involved in development of fairness 
considerations: understanding intentionality behind unfairness. Neuroimage 57, 
634-641. doi: 10.1016/j.neuroimage.2011.04.032 

Guroglu, B., van Lieshout, C. F. M., Haselager, G. J. X, and Scholte, R. H. J. (2007). 
Similarity and complementarity of behavioral profiles of friendship types and 
types of friends: friendships and psychosocial adjustment. /. Res. Adolesc. 17, 
357-386. doi: 10.1111/j.l532-7795.2007.00526.x 

Guroglu, B., Will, G.-J., and Klapwijk, E. T. (2013). Some bullies are more equal 
than others: peer relationships modulate altruistic punishment of bullies after 
observing ostracism. Int. J. Dev. Sci. 7, 13-23. doi: 10.3233/DEV-1312117 

Hartup, W. (1996). The company they keep: friendships and their developmental 
significance. ChildDev. 67, 1-13. doi: 10.2307/1131681 

Hartup, W. W., and Stevens, N. (1997). Friendships and adaptation in the life 
course. Psychol. Bull 121, 355-370. doi: 10.1037/0033-2909.121.3.355 

Hoffman, M. L. (1975). Developmentl synthesis of affect and cognition and 
its implications for altruistic motivation. Dev. Psychol. 11, 607-622. doi: 
10.1037/0012-1649.11.5.607 

Hubbard, J., Dodge, K., Cillessen, A., Coie, J., and Schwartz, D. (2001). The 
dyadic nature of social information processing in boys' reactive and proactive 
aggression./. Pers. Soc. Psychol. 80, 268-280. doi: 10.1037/0022-3514.80.2.268 

Iannotti, R. J. (1985). Naturalistic and structured assessments of prosocial behavior 
in preschool children: the influence of empathy and perspective taking. Dev. 
Psychol. 21, 46-55. doi: 10.1037/0012-1649.21.1.46 

Lahno, B. (1995). Trust, reputation, and exit in exchange relationships. /. Confl. 
Resolut. 39, 495-510. doi: 10.1177/0022002795039003005 

Larson, A. (1992). Network dyads in entrepreneurial settings: a study of the gover- 
nance of exchange relationships. Adm. Sci. Q. 37, 76-104. doi: 10.2307/2393534 

Leimgruber, K. L., Shaw, A., Santos, L. R., and Olson, K. R. (2012). Young children 
are more generous when others are aware of their actions. PLoS ONE 7:e48292. 
doi: 10.1371/journal.pone.0048292 

Luengo Kanacri, B. P., Pastorelli, C, Eisenberg, N., Zuffiano, A., and Caprara, G. V. 
(2013), The development of prosociality from adolescence to early adulthood: 
the role of effortful control. /. Pers. 81, 302-312. doi: 10.1 1 1 l/jopy.12001 

Maccoby, E. E. (1986). "Social groupings in childhood: their relationship to proso- 
cial and antisocial behavior in boys and girls," in Development of Antisocial and 
Prosocial Behaviour: Research, Theories and Issues, eds D. Olweus, J. Block, and 
M. Radke- Yarrow (New York, NY: Academic Press Inc), 263-284. 

Malhotra, D. (2004). Trust and reciprocity decisions: the differing perspectives of 
trustors and trusted parties. Organ. Behav. Hum. Decis. Process. 94, 61-73. doi: 
10.1016/j.obhdp.2004.03.001 

Moore, C. (2009). Fairness in children's resource allocation depends on the recipi- 
ent. Psychol. Sci. 20, 944-949. doi: 10.1111/j.l467-9280.2009.02378.x 

Moore, C, Barresi, J., and Thompson, C. (1998). The cognitive basis of 
future-oriented prosocial behavior. Soc. Dev. 7, 198-218. doi: 10.1 1 1 1/1467- 
9507.00062 

Nelson, D. A., and Crick, N. R. (1999). Rose-colored glasses: examining the social 
information-processing of prosocial young adolescents. /. Early Adolesc. 19, 
17-38. doi: 10.1177/0272431699019001002 

Nummenmaa, L., Peets, K., and Salmivalli, C. (2008). Automatic activa- 
tion of adolescents' peer-relational schemas: evidence from priming with 



facial identity. Child Dev. 79, 1659-1675. doi: 10.1 1 1 1/j. 1467-8624.2008. 
01217.x 

Olson, K. R., and Spelke, E. S. (2008). Foundations of cooperation in 
young children. Cognition 108, 222-231. doi: 10.1016/j.cognition.2007. 
12.003 

Overgaauw, S., Guroglu, B., and Crone, E. A. (2012). Fairness considerations when I 
know more than you do: developmental comparisons. Front. Dev. Psychol. 3:424. 
doi: 10.3389/fpsyg.2012.00424 

Peets, K., Hodges, E. V. E., Kikas, E., and Salmivalli, C. (2007). Hostile attribu- 
tions and behavioral strategies in children: does relationship type matter? Dev. 
Psychol. 43, 889-900. doi: 10.1037/0012-1649.43.4.889 

Preacher, K. J., and Hayes, A. F. (2004). SPSS and SAS procedures for estimat- 
ing indirect effects in simple mediation models. Behav. Res. Methods Instrum. 
Comput. 36, 717-731. doi: 10.3758/BF03206553 

Radke, S., Guroglu, B., and de Bruijn, E. R. A. (2012). There's something about 
a fair split: intentionality moderates context-based fairness considerations 
in social decision-making. PIoS ONE 7:e31491. doi: 10.1371/journal.pone.00 
31491 

Ray, G. E., and Cohen, R. (1997). Children's evaluations of provocation between 
peers. Aggress. Behav. 23, 417-431. 

Rilling, J. K., and Sanfey, A. G. (2011). The neuroscience of social decision- 
making. Annu. Rev. Psychol. 62, 23-48. doi: 10.1146/annurev.psych.l21208. 
131647 

Sebastian-Enesco, C, Hernandez-Lloreda, M. V., and Colmenares, F. (2013). Two 
and a half-year-old children are prosocial even when their partners are not. 
/. Exp. Child Psychol. 116, 186-198. doi: 10.1016/j.jecp.2013.05.007 

Selman, R. L. (1980). The Growth of Interpersonal Understanding. New York, NY: 
Academic Press. 

Shaw, A., and Olson, K. R. (2012). Children discard a resource to avoid inequity. 
/. Exp. Child Psychol. 141, 382-395. doi: 10.1037/a0025907 

Smith, C. E., Blake, P. R., and Harris, P. L. (2013). I should but I won't: why young 
children endorse norms of fair sharing but do not follow them. PIoS ONE 
8:e59510. doi: 10.1371/journal.pone.0059510 

Steinbeis, N., Bernhardt, B. C, and Singer, T. (2012). Impulse control and under- 
lying functions of the left DLPFC mediate age-related and age-independent 
individual differences in strategic social behavior. Neuron 73, 1040-1051. doi: 
10.1016/j.neuron.2011. 12.027 

Steinbeis, N., and Singer, T. (2013). The effects of social comparison on social emo- 
tions and behavior during childhood: the ontogeny of envy and Schadenfreude 
predicts developmental changes in equity-related decisions. /. Exp. Child 
Psychol. 115, 198-209. doi: 10.1016/j.jecp.2012.11.009 

Sullivan, H. S. (1953). The Interpersonal Theory of Psychiatry. New York, NY: W. W. 
Norton. 

Sutter, M. (2007). Outcomes versus intentions: on the nature of fair behav- 
ior and its development with age. /. Econ. Psychol 28, 69-78. doi: 
10.1016/j.joep.2006.09.001 

Sutter, M., and Kocher, M. G. (2007). Trust and trustworthiness across differ- 
ent age groups. Games Econ. Behav. 59, 364-382. doi: 10.1016/j.geb.2006. 
07.006 

van den Bos, W., van Dijk, E., and Crone, E. A. (2011a). Learning whom to trust 
in repeated social interactions: a developmental perspective. Group Processes 
Intergroup Relat. 15, 243-256. doi: 10.1177/1368430211418698 

van den Bos, W., van Dijk, E., Westenberg, P. M., Rombouts, S. A. R. B. 
and Crone, E. A. (2011b). Changing brains, changing perspectives: the 
neurocognitive development of reciprocity. Psychol. Sci. 22, 60-70. doi: 
10.11 77/09567976 1039 1 102 

van den Bos, W., Westenberg, M., van Dijk, E., and Crone, E. A. (2010). 
Development of trust and reciprocity in adolescence. Cogn. Dev. 25, 90-102. 
doi: 10.1016/j.cogdev.2009.07.004 

van Leijenhorst, L., Westenberg, M., and Crone, E. A. (2008). A developmental 
study of risky decisions on the cake gambling task: age and gender analyses of 
probability estimation and reward evaluation. Dev. Neuropsychol. 33, 179-196. 
doi: 10.1080/87565640701884287 

Warneken, F., Lohse, K., Melis, A. P., and Tomasello, M. (2011). Young chil- 
dren share the spoils after collaboration. Psychol. Sci. 22, 267-273. doi: 
10.11 77/09567976 10395392 

Will, G. J., Crone, E. A., van den Bos, W., and Guroglu, B. (2013). Acting 
on observed social exclusion: developmental perspectives on punishment 



Frontiers in Psychology | Developmental Psychology 



April 2014 | Volume 5 | Article 291 | 12 



Guroglu et al. 



Prosocial behavior with peers 



of excluders and compensation of victims. Dev. Psychol, doi: 10.1037/a00 

32299 

Youniss, J. (1980). Parents and Peers in Social Development: A Sullivan-Piaget 
Perspective. Chicago, IL: University of Chicago Press. 

Conflict of Interest Statement: The authors declare that the research was con- 
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest. 

Received: 29 November 2013; accepted: 20 March 2014; published online: 11 April 
2014. 



Citation: Guroglu B, van den Bos Wand Crone EA (2014) Sharing and giving across 
adolescence: an experimental study examining the development of prosocial behavior. 
Front. Psychol. 5:291. doi: 10.3389/fpsyg.2014.00291 

This article was submitted to Developmental Psychology, a section of the journal 
Frontiers in Psychology. 

Copyright © 20 1 4 Guroglu, van den Bos and Crone. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License (CC BY). 
The use, distribution or reproduction in other forums is permitted, provided the 
original author(s) or licensor are credited and that the original publication in this 
journal is cited, in accordance with accepted academic practice. No use, distribution or 
reproduction is permitted which does not comply with these terms. 



www.frontiersin.org 



April 2014 | Volume 5 | Article 291 | 13 



